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A torsion pendul:um apparatus has been constructed. 
The pendulum has been evaluated by studying the Zener 
relaxation 1n·~brass. 
Three wire specimens o~ comme~cia1 a11oy of 
CU-Zn were used and the value of log decrement has 
been obtained by the method of free decay of the 
osc111at1ons. The known Zener peak was observed. 
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I. INTRODUCTION AND LITERATURE REVIEta7 
A. ZENER RELAXATION 
{6 A study on J.. brass by Zener shot<red anamolously 
h1.gh damping in a narrow temperature range at around 
400° c •. He attribut-ed th1s to the stress 1nduced 
reor1:entat:1on o:f solute pairs with respect t·o the 
direction of the applied stress. The reason is that 
the stress field around a solute pair has a symme-try-
1ower than the symmetry o:f the host lattice. 
When an external :force is applied, the various 
pa:lr axes wh:lch orig1na11y were rando:m1y·or1ented will 
reorient themselves with respect to the applied stress. 
In ~brass Zn atoms jump :from their original position to 
a new position, the jump being o:f the order o:f the 
lattice parameter. Accordingly, .the relaxat:lon times 
are related to diffusional jump :frequency :for which an 
Arrheneus 3,ll type of equation holds. 
Thus 
1 
= ~- r~ ( 1 ) ;;= 
rr ~ ASr/R -Hr/RT - z e e where 
and '1"= "1;, e Hr/RT 
J:. is a constant and rr is the atom1c jump :frequency. 
a:;:~ 
as 
~ and the internal ~riction 
1.13,15 
-1 A Q = .uM 1 + '1' z. '-'l~ 
2 
-1 Q are related 
( 2 ,) 
AM is the relaxation strength and is defined 
16 
where Mu is the unre1axed modulus and ~R is the 
relaxed modulus. The relaxation strength has been 
shown to· be dependent upon the number of pairs changing 
their orientation with regard to the stre~s at a given 
temperature. In particular, it has been shown that 16 
~E - 2 n Eu ( at/ ~ n ) I KT 
' p ( 3 ) 
Equation (3) has been derived by taking into 
consideration a tensile stress acting along one 
particular direction e.g.< 111 > and ·solute pair lying 
' 
along< 110 >directions. Thus.the solute atoms lying 
along [Ol1] [ l01] and [ l10] 'tihich are norm.aa to 
the [ 111] plane would tend to reorient themselves 
i.n · [ 011] , (101] and [ 110] :planes. A more g.enera1 
16 
em:pnes.Sion can be obtained in terms of elastic. oo.na;tants 
The model. described has its ~erit in that it explains 
that the relaxation is in no way associated .with 
• 
disl.ocations or grain boundaries. It does explain the 
relaxation at small solute concentrations and does tell 
why the value of relaxation shoul~ increase with 
increasing solute concentration. It also tells that the 
activation energy H is very nearly the same as found 
in vol.ume diffusion. It, however, ·suffers from many 
objections... These are, the concept of sol.ute pair, the 
importance· of size difference between solute and solvent 
a toms and. unaccountabi1i ty of the re1axation under 
hydrostatic stresses. 
Zener relaxation is usual.J.y studied at rather high 
sol.ute cpncentrations e.g. above 10% solute in ,(. 
brass 3,7,l5, 1 6. At these sol.ute concentrations the 
concept of solute pair loses its meaning because the 
majority of atoms wi11 form more compl.ex groupings; the 
exceptions are the dilute alloys of Co-Ti 1 and Cu-Al 2 • 
With respect to the size dif:ference of atomic species in 
an alloy, 1t has been shown that this di:f'f'erence, though 
of' significance, does not control the re1axation strength. 
The relaxation strength~M shows a rough correlation 
with the magnitude of' the deviation ::f'rotn Vegard's law 8 • 
0 z Mu K f c 2 AM = ___,._,...--__;;;.;;_ __ _ 
2NvkT_ 
N · is the total number of' bonds per unit 
v 
volume, ¥is· a numerical.. coe:f':ficient 
depending upon the lattice type, c is the 
4 
atom fraction of the solute present, z, Mu 
k, T have the usual meaning and K2 is a 
measure of' the deviation from Vegard' s lav-r · 
2 dAB - ( dAA + dBB ) 
K2 -
dAA 
w~ere dAA • dBB , and dAB are bond lengths 
AA, BB, and AB neighbors respectively. 
of' 
A distinct improvement over Zener's model is the 
description of' relaxation strength in terms of' stress 
induced change in local order. The expr~ssion :for the 
relaxation strength resulting f':;-om this treatment is 3 
1 + cr 
/l. :f.1 - ( 5 ) 
1 - CT' 
where a is the lattice parameter, )<. and 'V 
are the :fractions of near'est neighqor pairs 
which are A-A and B-B -respectively, a- is 
the degree of' local order and can be described 7 
as .X= p q ( 1 + a- ) where A is the 
:fraction of A-B pairs-.,)<. aad "V·· can be 
described by the equations 7 : 
)c 
-





q ( q pes- ) 
where p and q are atom fractions 
of a binary alloy, thus q = ( 1-p ). 
5 
1 dK· . ( -- . ---- ) . K dp 
where K 1s the compre~s1b111ty. 
Equation (5) for the relaxation strength provides 
for the change in number of pairs, for the orientation 
dependence and for the change in lattice parameter 
with composition. The orientation dependent geometrical 
f'ac tor g · is f'ound to be 7, 
g-
da1 2 
. ( . ( -) 
de ( .1:::: 1 1 a a • • • ~ ) 
Equation (5) explains the· relaxation under hydrostatic 
' 
stresses, it, however, fails ~o explain the strong 
dependence of' AM 8,9,1 0, 1 4 on orientat1on and 
temperature, which can only be accounted f'or if 
second or third nearest neighbor ·interactions are also 
considered. · ·The temperature dep·endence then can be 
e~p1ained on the basis.that anisotropy of' elastic 
constants depends no~l1nearly on the .temperature 14• 
B • TORSION PENDULUM 
A torsion pendulum .is a devi.ce l'l'hich allows 
the investigation of the interna1 friction o~ wire 
shaped specimens in the herz range. Its foremost 
El.PP11cation i.s 1n the :f'ield o'f di'f:f'usion in alloys. 
The original method was devised by Ke 4 . 
6 
The versa:ti~ity of" the method lies in the fact 
that studies of various anelastic phenomena can be 
made, such as 1nterna1 :f'ricti.on due to grain boundary 
4 4 16- . 
relaxation ~ modulus of' r1g.1d1 ty ' , creep at constant 
. 4 
stress 4 •1 3 ~· stress relaxation at constant s,train ; 
stress induced ordering i~ substitutional a11oys7• 16 1 
Snoek damping 1.n B.q.c. and F.c.c. metals13 , the e'f:fect 
o:f thermally induced ordering on stress induced orderi.ng 
(Koster eff'ect) 13 , temperature activated hysteresis 1 .3, 
. 11 . . . 1.3 
transient cold work damping and transformation damping -• 
All of' the above mentioned phenomena, however, 
cannot be studied by exact1y the same experimental 
arrangement. The method o:f :free decay, :for i.nstance~ 
used in the present work cannot be utilised to ~tudy 
creep at constant stress and stress relaxation at 
constant strain. It also· would :fail to give accurate 
results when .measuring de'formation hysteresi-s, temperature 
a.c:~,1va;l<.ed hys;ter~:si-1e OJ: damping due to transient c~,J..d 
work or transformation where an amplitude de-pendance 
is observed. To measure the creep at constant stress 
and stre~s relaxation at constant strain, the 
original setup of Ke 1 s 4 ballistic galvanometer is 
ideal • 
7 
. Ke's 4 method, despite_ its simplicity and 
versatility, suffers from sever~l limitations. The 
-1· -4 
va1ue of' Q <. 10 cannot be measured accurately 
without minimizing the background damping (page 24); 
al.so, th~ d·e:rormation in the specimen ·is nonhomogeneous 
whereas most theoretical models assume a uniform stress. 
8 
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Schematic diagram ~or Torsion Pendu1um - I 
9 
Explanation of figure 1. 
1. Brass lid. 
2. Brass plate. 
3. Thermocouple. 
4. Vertical tube mounted on brass chamber. 
5• The tube-furnace. 
6. . Pin vise. 
7. The specimen. 
8. The brass chamber. 
9. The ho·rizonta1 bar of inertia member. 
10. The brass plate immersed in o11. 
11. • The o 11 container. 
12. The brass block and mirror. 
13. The nichrome rod. 















CJ Q. a. (/) 
c < ~ ':) [ 1- \! a. ~ II) ~ ~ ~ :;) t) Ul ~ ~ u ~ < 
. 0 toll < > ~ ! t 
...., ~ u Ll!_, v 
" 
.) 
Schemat1.c D1.agraa ~or Tor•1on Pcn4u1ua - II 
11 
C. SETUP 
The schematic diagrams in figures 1 and 2 show 
the basic arrangement of the torsion pendulum 
apparatus.used j,n this study. It consists of a brass 
chamber the :front of which is open and can be closed 
by a plexiglass plate. An 0-ring seal is used for air 
tight sealing. A tube is mounted on the top of the 
brass chamber. Another sma11 tube for vacuum connection 
and a manometer is located at the back of the 
chamber ( ~ig. 2 ). 
A brass p1ate rests on the vertical tube. From 
the centre of this brass plate hangs a nichrome rod 
into the centre of the tube. Thermocouple lead wires 
emerge :from the plate. The bead of the thermocouple is 
located inside the tube near the specimen center. 
The wire specimen is attached to the nichrome bar 
through a pin vise. Another nichrome bar is attached 
similarly to the bottom of the specimen and emerges 
. . 
into the brass chamber. To this bar ·a brass block is 
attached through which another bar passes horizontally. 
Weights are attached to this bar at each end and two 
iron bits :race the two .electromagnets ( fig.13 ) forming 
the inertia member. A torque is ·applied to the pendulum 
by switching on the current to the electromagnets. 
12 
The brass bar attached to the bottom o~ the 
brass block at the lower end of' the pendulum submerged 
in an oil bath i.s used· to. dampen any oscillations 
other than tors1.ona1. 
The observations are made l?Y a 1amp and seale 
arrangement. A lens is placed on the plexiglass 
p1ate and an 1.mage·of a hair line in'the illuminator 
is obtai~ed· through the lens and a mirror, indicating 
the pos1.tion of' the pendulum. 
The specimen is heated by a tube furnace placed 
vertically on the vertical tube (fig. 1 and 2) • A 
temperature un1.f"orm zone has been obtained by adjusting 
resistances in parallel to the five· zones of the 
heating element of' the furnace (fig. ·11, Appendix-1). 
13 
II. EXPERIMENTAL RESULTS AND DISCUSSION 
A. SPECD-iEN PREPARATION 
The brass strips used in this study were 
generously supplied by the Olin Brass Company. Thin 
strips were cut and ~hen annealed at 500°C for 
12 hours in an argon atmosphere and swaged-into 
0. 0.5" diameter 1·rires. The total reduc t1on of area 
was .51.3 %• These wires were again annealed under 
the same condi t:l.ons and then de :formed upto 1 ~ % by 
pulling. "They were further annealed ~or four days 
. ~ c 
at 890 c, 30 C below the liquidus temperature, in 
argon atmosphere. In this way a bamboo structure 
with a grain size o:f approximately 1 mm. was obtained. 
Finally the specimens were etched 5 and e1ectropolished5 
to remove surrace derects. 
B. EXPERil·lENTAL PROCEDURE 
The brass chamber shown schemat~cally in fig. 
1 and 2 was evacuated and :filled with argon in order 
. 
to minimize surface oxidation of the specimens and 
zinc .evaporation. The pressure of argon was maintained 
at 1 atmosphere. The temperature gradient along the 
specimen was approximately .t·c per inch. 
14· 
C. RESULTS 
Three specimens were studied, Two specimens had 
the grain size of about 1mm. whereas the third one 
intentionally had an extremely small grain size •. The 
strains produced in the ~'Tires l'Tere not allo1-ved to 
-4 
exceed 10 • The time ~or decay of the amplitude o~ 
oscillations was measured by observing the time for 
the hair J.ine.image to reach a set of diminishing 
deflecti~ns. Q This was repeated at approximately 10 C 
intervals. The-measurements were carried out between 
0 0 . 
the temperatures 240 C and 350 C. 
Table 1 , on page 2.3, shows the values of "1 MAx, A 11 , 
H~, and the temperatures for relaxation peaks, 
computed :from the data obtained. Figure 3 and 4, 6, 
8 and 9 are the plots o~ ln A vs. t for the specimens 
1, 2 and 3 respectively. The relationship between the 
amplitude decay and time is: 
A(t) Ao -~t e (' - e 
where A(t)· is the amplitude at timet, and 
A0 is the init~al amplitude, 
and o is the decrement.· 
t is the time 
Hence the plot of ln A vs. t gives the value of 
the decrement in· terms of its slope. Plots o:r·lnovs. T 
are sho~~ in ·figure 5, 7 and 10. 
15 
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fig. - 4 
specimen - 1 • 1n Ampl1tude vs. Time 
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:fig. - 5 
specimen - 1 
:frequency - .77 














f'1g. - 6 
specimen - 2 1n Amp11tude ••· 
TEMP. < 28J°C. 

















f'1g. - 7 
specimen - 2 1og Decrement vs. Temperature 
frequency - .714 osc./sec. 
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~pee1men - 3 1n .Amp.litude vs. Time 
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2.3 
TABLE - 1 
Va1ues of T , AM- , Temperature and Act1vat1.on energy • 
. 
Spec. r;fMax AM 
f Temp. Hr 
1 
No. Time(sec) T1me(sec) Max Ca1/mo1e 
• ec 
1 o. 2070 2.340 :X: 
-2 326 38,420 10 0.770 
2 0.222.5 1.555 1 -2 X 0 0.?14 274 34.300 







The investigation was conducte·d primarily to 
evaluate the setup~ The data obtained .for specimens 
1 and 3 are in approximate·agreement with those 
obtained by LeClaire and Chi1ds.3 for the.temperature 
at which the damping peaks occur, howev.er, the 
. . 
magnitudes,. are different. This is due to the fact 
that the background damping has not been corrected· 
for and that the mean orientations of' the specimens 
with respect to the app11ed stress may be different. 
A comparision of' the dampi.ng properties of the 
s~ecimens 1, 2 and 3 brings out 1nt&rest1ng differences. 
In 1 and 3 the grain boundaries are few and of sma11 
surface area and hence the effect of' grain boundary 
. 0 
relaxation is sma11 ~eJ.ow 350 c. In specimen 2, 
where grain size is sma11, the e1fect of grain 
boundary aJ.most obscures the effect of' the Zener peak 
which shows up merely as a shoulder. 
No attempt has been made to eva1uate accurate 
values of heat of activation or relaxation strength 
·because the background has not been eva1~ted. This 
background consists of' grain boundary damping, air 
damping, temperature :fJ.uctuat1on in the hot zone. high 
temperature damping and damping due to the oil ~n wh1eh 
25 
the paddle has been immersed (see f~gUres 1 and 2 ). 
Though care was taken to minimize Zn losses through 
evaporation ( if vacuum were kept ) or surface 
oxidation ( ror which argon atmosphere ·was kept inside 
the brass box ) a certain surface tarnish was noticed 
which would also change the interna1 friction. No 
6 
effect of thermally induced order1ng was noticed 
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